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(54) Si-CONTAINING GALVANIZED HIGH STRENGTH STEEL SHEET HAVING GOOD 
CORROSION RESISTANCE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high Si-containing high strength galvanized steel 
sheet having good a coating property and an excellent corrosion resistance without requiring 
new equipments, and its manufacturing method. 

SOLUTION: A Zn-AI-Fe alloy plating or a Zn-AI-Mg-Fe alloy plating is formed on the surface 
of a steel sheet containing 0.4-2.0 wt.% Si which is the oxidized state (Si02) in the inner 
sheet. The inner Si02 is produced at the time, the steel sheet is oxidized under atmosphere 
having 0.9-1.2 fuel/air ratio in the oxidizing zone, and successively is reduced in the reducing 
zone, under an atmosphere controlled where the Si content (mass %) (CSi), a water partial 
pressure (PH20) and a hydrogen partial pressure (PH2) satisfy the following inequality. -0.8> 
log(PH2O/PH2)<0.5CSi-3. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Content of an internal oxidation thing of Si0 2 forms 3 micrometers or less of layers 

which are 0.4 to 2.0 mass % in the surface of a steel plate whose content of Si is 0.4 to 2.0 
mass % as the 1st layer, moreover -- 0.05 to aluminum:0.5 mass %, seven to Fe:15 mass %, 
remainder Zn, and inevitable impurities -- corrosion-resistant good Si content high intensity 
alloying hot-dip zinc-coated carbon steel sheet making an alloying hot-dip-zincing layer [from ] 
form. 

[Claim 2]Content of an internal oxidation thing of Si0 2 forms 3 micrometers or less of layers 

which are 0.4 to 2.0 mass % in the surface of a steel plate whose content of Si is 0.4 to 2.0 
mass % as the 1st layer, moreover -- 0.05 to aluminum:0.5 mass %, 0.05 to Mg:1.0 mass %, 
seven to Fe:15 mass %, remainder Zn, and inevitable impurities -- corrosion-resistant good Si 
content high intensity alloying hot-dip zinc-coated carbon steel sheet making an alloying hot- 
dip-zincing layer [ from ] form. 

[Claim 3]When content of Si gives hot dip zincing to a steel plate which is 0.4 to 2.0 mass %, 
This steel plate is oxidized in atmosphere of the combustion air ratios 0.9-1.2 in an oxidized 
zone, After the logarithm log (PH 2 0/PH 2 ) of moisture pressure in a subsequent reducing zone 

and hydrogen content pressure returns in atmosphere with which a lower type (1) is filled, 
aluminum: A manufacturing method of good Si content high intensity alloying hot-dip zinc- 
coated carbon steel sheet of the corrosion resistance according to claim 1 carrying out hot dip 
zincing in a galvanization bath containing 0.05 - 0.25 mass %, and performing alloying 
treatment at 460-550 **. 
-0.8 >=log(PH 2 0/PH 2 ) <=0.5CSi-3 -- (1) 

However, CSi is a Si content (mass %). 

[Claim 4]When content of Si gives hot dip zincing to a steel plate which is 0.4 to 2.0 mass %, 
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This steel plate is oxidized in atmosphere of the combustion air ratios 0.9-1.2 in an oxidized 
zone, After the logarithm log (PH 2 0/PH 2 ) of moisture pressure in a subsequent reducing zone 

and hydrogen content pressure returns in atmosphere with which a lower type (1) is filled, 
aluminum: A manufacturing method of good Si content high intensity alloying hot-dip zinc- 
coated carbon steel sheet of the corrosion resistance according to claim 2 carrying out hot dip 
zincing in a galvanization bath containing 0.05 to 0.25 mass %, and Mg:0.05 - 1.0 mass %, 
and performing alloying treatment at 460-550 **. 
-0.8 >=log(PH 2 0/PH 2 ) <=0.5CSi-3 -- (1) 

However, CSi is a Si content (mass %). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]With respect to Si content high intensity alloying hot-dip zinc-coated 
carbon steel sheet and its manufacturing method, in detail, this invention has the outstanding 
corrosion resistance and relates to a plating steel plate applicable as a steel plate for cars, 
various the use for building materials, for example, object. 
[0002] 

[Description of the Prior Art]An alloying hot-dip zinc-coated carbon steel sheet is one of those 
which are used best as a corrosion-resistant good plating steel plate. Usually this alloying hot- 
dip zinc-coated carbon steel sheet is preheated by a clean heating furnace, after degreasing a 
steel plate, it performs reduction annealing with a reducing furnace for surface defecation and 
construction material reservation, immerses in a molten zinc bath after that, and after 
controlling coating weight, it is manufactured by performing alloying treatment. Thus, since it 
excels in corrosion resistance, plating adhesion, etc., the manufactured plating steel plate is 
widely used as the steel plate for cars, or a steel plate for building materials. 
[0003]As for a high Si content high intensity steel plate, the defect of plating nature poses a 
problem among these steel plates. For the improvement of plating nature, after oxidizing so 
that the thickness of an oxide film may be 400-10000 A in a clean heating furnace in a steel 
surface, to JP,55-122865,A, it anneals under the atmosphere containing hydrogen, and the 
method of plating is indicated. This method controls generation of Si oxide by making an 
oxidized zone generate a ferric acid-ized film positively, and aims at raising plating adhesion. 
[0004]however -- if control of the reducing time of a ferric acid-ized film is difficult in practice by 
this method and reducing time is too long -- the surface of Si -- concentration being caused, 
and, since an iron oxide film remains in a steel surface if too short, Poor plating nature cannot 
be canceled thoroughly and it has the problem that Si oxide generation cannot be controlled 
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thoroughly. In order to solve this problem, in JP,2-38549,A, the method of performing pre 
plating before annealing is indicated. However, by this method, equipment of pre plating is 
needed, when there is no installing space, it cannot adopt, and the production cost rise by pre 
plating equipment installation is not avoided. 
[0005] 

[Problem(s) to be Solved by the lnvention]This invention is made that plating nature is good 
and should provide the corrosion-resistant outstanding high Si content high intensity alloying 
hot-dip zinc-coated carbon steel sheet and its manufacturing method, without installing new 
equipment like pre plating equipment. 
[0006] 

[Means for Solving the Problem]a result to which this invention persons repeated research 
wholeheartedly about plating processing of a high intensity steel plate -- the surface of Si, 
since concentration originates in an outer oxide film of Si0 2 , By controlling reducing 

atmosphere appropriately and changing Si0 2 into an internal oxidation state, it found out that 

poor plating nature could be prevented. By forming Zn-aluminum-Fe-alloy plating orZn- 
aluminum-Mg-Fe-alloy plating in the surface of Si content high intensity steel plate which 
changed Si0 2 into an internal oxidation state, it finds out that corrosion-resistant good Si 

content high intensity hot-dipping steel plate can be obtained, and came to complete this 
invention. 

[0007]That is, the place made into a gist of this invention is as follows. 

[0008](1) Content of an internal oxidation thing of Si0 2 forms 3 micrometers or less of layers 

which are 0.4 to 2.0 mass % in the surface of a steel plate whose content of Si is 0.4 to 2.0 
mass % as the 1st layer, moreover -- 0.05 to aluminum:0.5 mass %, seven to Fe:15 mass %, 
remainder Zn, and inevitable impurities -- corrosion-resistant good Si content high intensity 
alloying hot-dip zinc-coated carbon steel sheet making an alloying hot-dip-zincing layer [from ] 
form. 

[0009](2) Content of an internal oxidation thing of Si0 2 forms 3 micrometers or less of layers 

which are 0.4 to 2.0 mass % in the surface of a steel plate whose content of Si is 0.4 to 2.0 
mass % as the 1st layer, moreover -- 0.05 to aluminum:0.5 mass %, 0.05 to Mg:1.0 mass %, 
seven to Fe:15 mass %, remainder Zn, and inevitable impurities -- corrosion-resistant good Si 
content high intensity alloying hot-dip zinc-coated carbon steel sheet making an alloying hot- 
dip-zincing layer [ from ] form. 

[0010](3) When content of Si gives hot dip zincing to a steel plate which is 0.4 to 2.0 mass %, 
This steel plate is oxidized in atmosphere of the combustion air ratios 0.9-1.2 in an oxidized 
zone, After the logarithm log (PH O/PH ) of moisture pressure in a subsequent reducing zone 
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and hydrogen content pressure returns in atmosphere with which a lower type (1) is filled, 
aluminum: A manufacturing method of corrosion-resistant good Si content high intensity 
alloying hot-dip zinc-coated carbon steel sheet given [ aforementioned ] in (1) paragraph 
carrying out hot dip zincing in a galvanization bath containing 0.05 - 0.25 mass %, and 
performing alloying treatment at 460-550 **. 
-0.8 >=log(PH 2 0/PH 2 ) <=0.5CSi-3 -- (1) 

However, CSi is a Si content (mass %). 

[001 1](4) When content of Si gives hot dip zincing to a steel plate which is 0.4 to 2.0 mass %, 
This steel plate is oxidized in atmosphere of the combustion air ratios 0.9-1.2 in an oxidized 
zone, After the logarithm log (PH 2 0/PH 2 ) of moisture pressure in a subsequent reducing zone 

and hydrogen content pressure returns in atmosphere with which a lower type (1) is filled, 
aluminum: A manufacturing method of corrosion-resistant good Si content high intensity 
alloying hot-dip zinc-coated carbon steel sheet given [ aforementioned ] in (2) paragraphs 
carrying out hot dip zincing in a galvanization bath containing 0.05 to 0.25 mass %, and 
Mg:0.05 - 1 .0 mass %, and performing alloying treatment at 460-550 **. 
-0.8 >=log(PH 2 0/PH 2 ) <=0.5CSi-3 -- (1) 

However, CSi is a Si content (mass %). 
[0012] 

[Embodiment of the lnvention]This invention is explained in detail below. 
[0013]First, Si content high intensity alloying hot-dip zinc-coated carbon steel sheet in this 
invention makes the thing which made the Zn-aluminum-Fe plating layer form on the high 
intensity steel plate which is 0.4 to 2 mass %, or a Zn-aluminum-Mg-Fe plating layer form 
[ content /of Si ]. 

[0014]The reason which limited aluminum in a Zn-aluminum-Fe plating layer to 0.05 - 0.5 mass 
% in this invention is for plating adhesion to deteriorate in case of less than 0.05 mass %, 
when the alloy layer weak against a ferrite interface in which Zn-Fe-alloy-ization progresses 
too much at the time of alloying treatment progresses too much. Since plating of iron content 
which a Fe-aluminum-Zn system barrier layer is thickly formed too much, and alloying does not 
follow at the time of alloying treatment, but is made into the purpose was not obtained when 
0.5 mass % was exceeded, the maximum was made into 0.5 mass %. 

[0015]The reason which limited Fe in a Zn-aluminum-Fe plating layer to 7 - 15 mass %, It is for 
forming soft Zn-Fe alloy in the plating surface, and degrading press-forming nature in case of 
less than 7 mass %, and is for plating adhesion to deteriorate, when an alloy layer weak 
against a ferrite interface progresses too much if 15 mass % is exceeded. 
[0016]Next, the reason which limited aluminum in a Zn-aluminum-Mg-Fe plating layer to 0.05 - 
0.5 mass % in this invention is for plating adhesion to deteriorate in case of less than 0.05 
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mass %, when the alloy layer weak against a ferrite interface in which Zn-Fe-alloy-ization 
progresses too much at the time of alloying treatment progresses too much. Since plating of 
iron content which a Fe-aluminum-Zn system barrier layer is thickly formed too much, and 
alloying does not follow at the time of alloying treatment, but is made into the purpose was not 
obtained when 0.5 mass % was exceeded, the maximum was made into 0.5 mass %. 
[0017]The reason which limited Mg in a Zn-aluminum-Mg-Fe plating layer to 0.05 - 1 mass % 
is because the yield of the dross under plating bath will increase substantially and operation 
will become difficult industrially by less than 0.05 mass %, if improvement in the rust-proof 
nature of a paint scratch is not found but 1 mass % is exceeded. 

[001 8]The reason which limited Fe in a Zn-aluminum-Fe plating layer to 7 - 1 5 mass %, It is for 
forming soft Zn-Fe alloy in the plating surface, and degrading press-forming nature in case of 
less than 7 mass %, and is for plating adhesion to deteriorate, when an alloy layer weak 
against a ferrite interface progresses too much if 15 mass % is exceeded. 
[0019]ln Si content high intensity alloying hot-dip zinc-coated carbon steel sheet by this 
invention, The reason which limited the layer whose content of the internal oxidation thing of 
Si0 2 is 0.4 to 2.0 mass % to 3 micrometers or less between the high intensity steel plate and 

the plating layer is for the layer containing the internal oxidation thing of Si0 2 to become weak, 

and for a plating layer to exfoliate easily, if it exceeds 3 micrometers. 
[0020]The cause that plating is poor is an Si oxide generated to a steel sheet surface within 
the reducing zone under annealing. In this invention, the reason which limited Si content CSi in 
steel to 0.4 - 2.0 mass %, The Si concentration in steel which can control generation of Si 
oxide by this invention is a range below 2.0 mass %, and is because it cannot have intensity 
with the sufficient steel plate itself if Si concentration becomes less than 0.4 mass %. 
[0021]ln order for this invention to perform hot dip zincing to a high intensity steel plate, the 
oxidized zone in a continuous system hot-dipping line is made to generate a thousands of A 
ferric acid-ized film first. Since Si is not spread easily in the inside of a ferric acid-ized film, 
thereby, generation of Si oxide is controlled. However, the combustion air ratio of the oxidized 
zone at the time of making a ferric acid-ized film form is [ 0.9 or more ] required in order to 
make enough ferric acid-ized films to control formation of Si oxide generate, and the case of 
less than 0.9 cannot form enough ferric acid-ized films. Since the ferric acid-ized thickness 
formed within an oxidized zone will be too thick that it stops to be unable to return within the 
following reducing zone and a plating bath and an oxide film layer will remain under a plating 
layer if a combustion air ratio exceeds 1.2, plating adhesion will be checked. Therefore, it is 
necessary to control the combustion air ratio of an oxidized zone in the range of 0.9-1 .2. 
[0022]Next, in a reducing zone, it is necessary to return under the atmosphere with which the 
logarithm log (PH O/PH ) of moisture pressure and hydrogen content pressure fills a lower 
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type (1). In a reducing zone, N 2 gas which contains H 2 in the range of 1 - 70 mass % is used. 
Moisture pressure and hydrogen content pressure (PH 2 0/PH 2 ) are controlled by introducing a 
steam in a furnace. 

[0023]The reason for having made log (PH 2 0/PH 2 ) less than -0.8 is because the oxide film of 

the iron generated with the oxidized zone cannot be returned if -0.8 is exceeded. On the other 
hand, the reason for having made log (PH 2 0/PH 2 ) more than 0.5CSi-3 is for external oxidation 

of Si taking place, and forming the outer oxide film of Si0 2 in a steel sheet surface, and 

causing poor plating less than [ 0.5CSi-3 ]. Namely, the reducing zone needs to return an iron 
oxide film and needs to make it the atmosphere which changes Si0 2 into an internal oxidation 

state. Here, the internal oxidation of Si is a phenomenon in which the oxygen diffused in the 
steel plate reacts to Si near the surface of an alloy, and deposits an oxide. When the diffusion 
rate to the inner direction of oxygen is far quicker than the diffusion rate to a way outside Si, an 
internal oxidation phenomenon has the comparatively high oxygen potential in atmosphere, or 
when the concentration of Si is low, it happens. Si to the steel sheet surface which is the cause 
that plating is poor in order for Si to hardly move at this time but to oxidize on that spot -- 
concentration can be prevented. 

[0024]The minimum of aluminum under plating bath was made into 0.05 mass % because the 
alloy layer weak against a ferrite interface at the time of alloying treatment in which Zn-Fe- 
alloy-ization progresses too much would progress too much and plating adhesion would 
deteriorate, if it is less than [ this ]. The maximum of aluminum was made into 0.25 mass %, in 
order that a Fe-aluminum-Zn system barrier layer might be easy to be formed at the time of 
plating and alloying might not progress at the time of alloying treatment, if 0.25 mass % was 
exceeded. 

[0025]When making Mg contain further during a plating bath, the minimum of Mg was made 
into 0.05 mass % because the effect that the rust-proof nature of a paint scratch improves with 
an alloying facilitatory effect was also accepted. The maximum was made into 1 mass % in 
order for the yield of the dross under plating bath to increase substantially and to worsen 
operability remarkably, if this is exceeded. 

[0026]Even if nickel, Sb, Pb, Fe, etc. which are usually added as a trace element are included 
during the plating bath used by this invention, there is no influence in particular in the effect of 
this invention. 

[0027]As for alloying treatment temperature, it is optimal to carry out in 460-550 **. At less than 
460 **, if it is hard to follow alloying and exceeds 550 **, alloying will progress too much, a 
ferrite interface alloy layer will progress too much, and plating adhesion will deteriorate. 
Although not set in particular about alloying time, it is decided by balance with alloying 



http://www4ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejj 8/27/08 



JP,2001-279412,A [DETAILED DESCRIPTION] 



Page 6 of 13 



temperature, and the range for 10 to 40 seconds is usually suitable on actual operation. 

2 

Although not set in particular about plating coating weight, more than 10 g/m from a 
corrosion-resistant viewpoint is preferred, and it is desirable from a viewpoint of processability 

that it is below 150 g/m . As an Si content steel intensity steel plate of a ground, this invention 
is applicable also to the high-tensile steel sheet which will carry out hot rolled sheet steel and 
cold rolled sheet steel and which was made and added further Ti of the usual super-low carbon 
system, Nb, B, etc. 
[0028] 

[Embodiment of the lnvention]Based on an example, this invention is explained concretely 
below. 

[0029](Example 1) Plating processing which anneals with the pretreating furnace of a 
continuous system hot-dip-zincing line, and shows the test specimen shown in Table 1 in 
Table 2 was performed. The combustion air ratio of the oxidized zone of this pretreating 
furnace was adjusted to 0.95, and the reducing zone was adjusted so that a steam might be 
introduced into the nitrogen gas 10 mass % Containing hydrogen and the logarithm log 
(PH 2 0/PH 2 ) of moisture pressure and hydrogen content pressure might be set to -1 - -3. 

[0030] 
[Table 1] 



MS 
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C 


Si 
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P 
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Ti 
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[0031] 
[Table 2] 
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[0032]Hot dip zincing contains 460 ** of plating bath temperature, and aluminum, or plated 
them with the hot-dip-zincing bath containing aluminum and Mg, and adjusted plating coating 

weight to 60 g/m by nitrogen gas wiping. Then, the plating adhesion of the plating steel plate 
obtained by performing alloying treatment with a 460-550 ** alloying furnace was evaluated. 
[0033]Plating adhesion inspected powdering and made the rejection the case where the 
exfoliation width was set to more than 3 mm. The strength test of the steel plate was done 
according to JIS Z 2201 , and considered tensile strength of 350 or more MPa as success. An 
evaluation result is shown in Table 2. 

[0034]As for the numbers 1 and 2, since the Si content of the steel plate A was outside the 
range of this invention, intensity became a rejection. Internal oxidation layer thickness became 
the outside of this invention range, and the numbers 17, 18, 25, 26, 33, and 34 are the 
examples which are inferior in plating adhesion, and all brought a result with good plating 
adhesion and intensity except these. 

[0035](Example 2) Plating processing which anneals with the pretreating furnace of a 
continuous system hot-dip-zincing line, and shows the test specimen shown in Table 1 in 
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Table 3 was performed. The combustion air ratio of the oxidized zone of this pretreating 
furnace was adjusted to 1.05, and the reducing zone was adjusted so that a steam might be 
introduced into the nitrogen gas 10 mass % Containing hydrogen and the logarithm log 
(PH 2 0/PH 2 ) of moisture pressure and hydrogen content pressure might be set to -1.2. 
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[0037]Hot dip zincing was plated with the hot-dip-zincing bath containing 460 ** of plating bath 

2 

temperature, and aluminum, and adjusted plating coating weight to 60g[/m ] by nitrogen gas 
wiping. Then, the press-forming nature and plating adhesion of the plating steel plate which 
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were acquired by performing alloying treatment with a 460-550 ** alloying furnace were 
evaluated. 

[0038]Press-forming nature did the bead drawing examination in order to investigate galling of 
plating in press working of sheet metal. A test condition is shown below. 
** sample drawing width: -- 30 mm** metallic mold: -- one side -- phi4-mm cylinder and an 
opposite hand -- plate ** pressing load:500kg** drawing speed:200 mm/min** oiling:slushing oil 
spreading [0039]Evaluation of press-forming nature made the rejection what galling generated 
and the specimen fractured, and considered what was able to be drawn out as success. Plating 
adhesion inspected powdering nature and made the rejection the case where the exfoliation 
width was set to more than 3 mm. Intensity of the steel plate was performed according to JIS Z 
2201, and considered tensile strength of 350 or more MPa as success. An evaluation result is 
shown in Table 3. 

[0040]Since the Si content of the steel plate A was outside this invention range, intensity was 
insufficient for the numbers 1-3, and they became a rejection. 

[0041]The numbers 4, 13, 22, 31, and 40 are inferior to press-forming nature in the Fe content 
in a plating layer out of this invention range. The Fe content in a plating layer is [ numbers 8, 
17, 26, 35, and 44 ] inferior in plating adhesion out of this invention range. 
[0042]The Al content in a plating layer is [ numbers 9, 18, 27, 36, and 45 ] inferior in plating 
adhesion out of this invention range. The numbers 12, 21, 30, 39, and 48 are inferior to press- 
forming nature in the Al content and the Fe content in a plating layer out of this invention 
range. 

[0043]Each brought a result with good press-forming nature, plating adhesion, and intensity 
except these. 

[0044](Example 3) Plating processing which anneals with the pretreating furnace of a 
continuous system hot-dip-zincing line, and shows the test specimen shown in Table 1 in 
Table 4 was performed. The combustion air ratio of the oxidized zone of this pretreating 
furnace was adjusted to 1.05, and the reducing zone was adjusted so that a steam might be 
introduced into the nitrogen gas 10 mass % Containing hydrogen and the logarithm log 
(PH 2 0/PH 2 ) of moisture pressure and hydrogen content pressure might be set to -1.2. 

[0045] 
[Table 4] 
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[0046]Hot dip zincing contains 460 ** of plating bath temperature, and aluminum, or plated 
them with the hot-dip-zincing bath containing aluminum and Mg, and adjusted plating coating 

weight to 60 g/m by nitrogen gas wiping. Then, the press-forming nature and plating adhesion 
of the plating steel plate which were acquired by performing alloying treatment with a 460-550 
** alloying furnace were evaluated. 

[0047]Press-forming nature did the bead drawing examination in order to investigate galling of 
plating in press working of sheet metal. A test condition is shown below. 
** sample drawing width: -- 30 mm** metallic mold: -- one side -- phi4-mm cylinder and an 
opposite hand -- plate ** pressing load:500kg** drawing speed:200 mm/min** oiling:slushing oil 
spreading [0048]Evaluation of press-forming nature made the rejection what galling generated 
and the specimen fractured, and considered what was able to be drawn out as success. 
Plating adhesion inspected powdering nature and made the rejection the case where the 
exfoliation width was set to more than 3 mm. 

[0049]After corrosion resistance prepared the sample which cut to 150x70 mm and performed 
electropainting for cars, and 20 micrometers of electrostatic coating [ 80 micrometers of], 
respectively and gave the cross cut by the cutter, marks attachment which shows the rust 
generation state after CCT30 cycle below estimated it. 

[0050]CCT made one cycle SST2hr-> dry 4hr-> humidity 2hr. Marks considered more than ** 
as success. 

[0051](Rust generation state) 

O : -- less than [ not less than 5% of less than 5% of rust generating 0:rust generating 10% ] 
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**: - more than less than [ more than rust generating 10%30% ] x:30% [0052]lntensity of the 
steel plate was performed according to JIS Z 2201, and considered tensile strength of 350 or 
more MPa as success. An evaluation result is shown in Table 4. 

[0053]Since the Si content of the steel plate A was outside this invention range, intensity was 
insufficient for the number 1 and it became a rejection. In this invention, the rust-proof nature 
of the paint scratch improved by adding Mg in a plating layer. 

[0054](Example 4) The continuous system hot-dipping line was used and plating nature when 
plated with the conditions shown in Table 5 to cold rolled sheet steel or hot rolled sheet steel 
was evaluated. When poor plating, such as un-plating, occurred for a product, evaluation of 
plating nature inspected the powdering nature of the product, and made the rejection the case 
where the exfoliation width was set to more than 3 mm. After powdering nature stuck the tape 
on the plating steel plate, it was bent 180 degrees, was returned, stripped the tape, and 
evaluated the width of plating adhering to a tape as exfoliation width. A result is shown in Table 
5. 

[0055] 
[Table 5] 
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[0056]Since the combustion air ratio in an oxidized zone was outside this invention range, 
enough ferric acid-ized films could not be formed, but un-plating occurred, and the number 7 
became a rejection. Since a combustion air ratio was outside this invention range, the numbers 
12, 21, and 29 had too thick the ferric acid-ized film, and were inferior in powdering nature. 
[0057]Since the logarithm of the moisture pressure in a reducing zone and hydrogen content 
pressure was outside this invention, a ferric acid-ized film could not be returned enough, but 
powdering nature deteriorated, and the numbers 13, 22, and 30 became a rejection. Since the 
logarithm of the moisture pressure in a reducing zone and hydrogen content pressure was 
outside this invention, the outer oxide film of Si0 2 formed in the steel sheet surface, un-plating 

occurred, and the numbers 18, 26, and 33 became a rejection. 
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[0058]Each showed good plating nature except these. 
[0059] 

[Effect of the lnvention]As stated above, the steel plate in this invention on the surface of Si 
content high intensity steel plate Zn-aluminum-Fe-alloy plating, Or in manufacturing Si content 
high intensity alloying hot-dip zinc-coated carbon steel sheet, if the corrosion resistance 
outstanding by performing Zn-aluminum-Mg-Fe-alloy plating can be acquired and the 
manufacturing method of this invention is followed, the manufacturing efficiency can be raised 
remarkably and the industrial meaning is large. 



[Translation done.] 
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3 



(2) 



[ If J&m 1 1 Si <7ykHm.& 0 . 4 - 2 . Ofi%T" 

^r**#o. 4-2. owm.%x'h^m^3um&.ym 

ffcU Z<7)±.t,ZA 1:0.0 5-0 . 5«*%, F e : 
7-1 511%. SSP Z n RtPRni8W^»Hn&> Srltr 

[lt*TS2] Si^MI^'O. 4-2. OWMlXX 10 

fo&mwicommizfsimt lxs i 02coi^gpK-fb^ 

0. 4-2. 0 3 jumJaiTB 
J&U %cr>±t,ZA 1:0.0 5-0 . 5®*%, M g : 
0. 0 5-1. OWS.%, F e : 7-1 5WS.%, SSfl* 

-0. 1 o g ( PHzO/PHz ) 

tctzL, csiiisi mm% ) * 

[ If #114 ] S i «9-&*a# 0 . 4 - 2 . 0 

*Nvc«Wg£jRtfc0. 9-1. 2^Sfflmt;tKltL. 
^WfIWjl7n^tfc(tS7i<^J±t7j<*^J±tfO*fai og 20 

( ph 2 o/ph 2 ) ^Tst ( i ) *Mtz~tmmmx'M7tx 

-0. 86 1 og (PH2O/PH2) 
fcrtfU csiiisi (»*% ) * 

[00 0 1 ] 

30 

[00 02] 



BUS; 



[0 0 0 3] Z\tit>?MWLcooib. as i -£^nS9SJ?j|| 

tf>fc«*.lf , f#B3HS5 5-1 2286 5#£«fcli, * 
i«^tC*ViTil^H(CiWkIIB^J*»* I 4 0 0-1 0 0 
0 0 A J; 3 fciRffcLfcft, rtSfc-fctrtPHSTTC 

wmxmmm^wm\iz^L^h z txs i BKt 

[0004] L3&»L=Sr*«6, £W^TfcMHtflsKe«i*50 



f§HH2 001-279412 
2 

z n /k/^® e t£&&afflijmwh ~> # a 

[ff^f<IS3] Si^fi* : 0. 4-2. 0»*%T 

a^xmm^Mito. 9-1. 2<7)mwmzxwnkL, 

*<0SW>»^£fctt£#MEfc#*ME«^ 1 o g 
(PH2O/PH2) s&fTj* ( 1 ) *9lrtr$ _ #IB5l , C3t7C 
Al : 0. 0 5-0. 2 5«*%£-irTf Sffi 
g&#>o # jgKTSmtBfto & t , 4 6 0 - 5 5 0 °CC 

% s i i&ns5m&&{mmBS&#> -> & 

^0. 5CS i -3 ■ • ( 1 ) 
t/Sf*. A 1 : 0. 0 5 — 0. 2 5fi%MMg : 
0. 0 5-1. Ofl/^^tft^im^liSKI 
SiffifaV)-? * t , 460 — 550 XrC#&fltfSlfc fr o 

i t £«M t *iB 2 iatt<oiif£tetf>&#$: s i -ir 

SO. 5CSi-3 ■ -(1) 

t s i <ommm:&3\zmz. u tiPi*B^ 

4 i t tpX § 5rv ^ i: ^ -3 PoISjSS- * LT v . Z <DWm 

.^mm-hfzisbizmtii. #i¥2- 3 8 5 4 

fcifirO, ISMx^-x^^^(i»fflT-§-T\ 
[0005] 

fficok o SrtffcfcRHS W*-S ik4<, ftoStttf 

^T-^BAttoffi^/sftS i ^^sas^-nasFM 

CDX'fo&, 
[0006] 



ita/t^S. s i 



#HM*iiW^$'JiPts i Oi*rtafflWfctt«fc:^4i 

Si 02*i*jfi|«fc*BBfcLfcS i 
*WB3W«WR(i^1if K: Zn-Al-Fe o # , 
Zn-Al-Mg-Fe^^Uftfl, 
CihtcJ; 0 WAttO^Sf ^ s i ^W^fi^Bllfto § M 



[0 0 0 7] ID*,, *%ffl<7)mWk~t&bz\*>li. 
[0 0 08] (1) Si{0Mi* ! 0. 4 — 2. OK 

m%T$>&MMcom.wi,zmimb lt s i ozcommwt 

iWs<V^m.ifiQ. 4-2. 0H%tfel.M3/xm 
OTffMU %<D±.lZA\ : 0. 0 5-0. 39M%, 
Fe : 7-1 5MS.%. Z n & Xf^WWtmfr 

•t h ittt^w^ s i is^mm^m mm w&#> -> io 

[0 0 0 9] (2) Si«tSU«0. 4 — 2. Of 
»%T*&IBK^)*H(=ailJff: LTS i 0 2 ^|*jg|iSg 
flSfttfteWJfc^O. 4 — 2. 0St*%t*ft«Ji*3jum 
lilTffMU *-<7XhfcAl : 0. 0 5-0. 5«*%, * 

-0. 8Slog (PH2O/PH2) 

fc« t . csitisi ) $ 

[00 11] (4) Sii?)-i-tiA { 0. 4 — 2. 0® 
fl5»fctil^T«Sj!ftffiSUfcO . 9—1. 2C05?HMfcTlg 20 

log ( ph 2 0/PH2 ) an^s ( 1 ) zmfz-trnm^x 

-0. 8Slog (PH2O/PH2) 

fcrtfL . csilisi itrWfi ) ★ 

[0012] 

[0013] *fffiHfcti(tft s i ^^ffiMte* 
flSHKEttft -5 # M& t H „ Si 0.4-2 

mmxx'h & m&mm&tiz zn-Ai-Fefto&fli 

£®jR£-tbtk<75, ttzii, Zn-Al -Mg-Feft 30 

-o * m fz h ffroh s . 

[0 0 14] ^fgHJtfc^-CZn-A 1 - Fefto^Jl 
0 5-0. 5**%fc|R5gL)tateli, 
0.05 t ^ft^B#l; Zn-FeM 

*bWi»3i*\ tfJg^BO&iv v&&Jt#$Bi 5 - 

0. 5«M%£j@;i&fcFe-Al -Zn^>JT«# 

b-t&Wti&iMWbi & ^ti^rv wr±RB* 0 . 5 
H%tUc„ 40 
[0015] Zn-Al -F efto^I'fWF e 

£7-1 5®*%tRBSL^aii±. 7 
fto^^Bti^^UZ n - F e-&A#JBj£S*U 71/ 

o § ap*tt?&^-f fc-T 4 tz&bTfo 4 . 
[0 0 16] ^BH^fe^TZn-A 1 -Mg- 

F e^oijfctaOA 1 SrO . 0 5 — 0. 5®*%MRB£ 

Lfca*(4. 0. 0 5«*%*}»^'t^ft^aB#fcz 



( 3 ) f§HH2 001-279412 

4 

*Mg : 0. 0 5—1. 0«*%, Fe : 7—1 5WM. 

& 1 * S £ § i k * ftffi. k -t h if JEftco mfc 

s i ^mm^Mmmm^^mm, 

[00 10] (3) SiWttt^O. 4 — 2. OK 

ikmzio\,->TM%m%]fco . 9-1. 2commmzxm 
it l . %co&cr>M7cmz& b rtmtomsMtm. 

1 o s (PH 2 0/PH 2 ) j&qFsS ( 1 ) Srii^SHIM 

TMTtLfzm. A l : 0. 0 5-0. 2 511%JM 
-f 4 ffiitift -5 S J& t T ^SM£S*6 & U 460 — 55 

oicc^&'ffcHSHfcfrd £ fcftatiN&WiE ( 1 ) if 

SO. 5CSi-3 ■ -(1) 
TMTtLfzm. Al : 0. 0 5 — 0. 2 5II%WM 

g : 0. 05-1. Q1tM%*4r : &i-&WBibr>l*&tz 

TJfflKffiWftoS L. 4 6 0-5 5 0°CT-^ftMa^ 

ff 5 i ^ i&iHHtfc-rsiwia ( 2 ) iiiBffiow^tttoms? 

i£. 

SO. 5CS i -3 ■ -(1) 

feSo tfz. 0. 5fi%^Ii^hFe-Al-Zn 

±m^o. 5vm%bLfz„ 

[0017] tfz. Zn-Al-Mg-Fe^lfffi 
«Mg^0. 0 5~l«»%t:R£L«a*tt, 0. 0 



5 «M%*iST1iM^«gp^B*il14^r6]±^M fe^x 

[0018] ttz. Zn-Al-FefeoSi^Fe 

S 7 - 1 5 If t Jta*« , 7 «»%*>i^' b 

ft-:i^ffl(;i^M^Zn-Fe^)«$fl, 71/ 

[ 0 0 l 9 ] St;. i& s i ^rJKME^fh 

?f BJlffiitift -5 § JBflgK v ->T , mmMM. b*b->%mb 
COFItS i O2(7)«tt»Mi*'0. 4 — 2. 0 
SS%TftSJi & 3jumJSlTfc:RRSEL«lili, 3um 

[0020] fe-j^^M, M^+^Stc^FMT' 

fflttKOS iMlCS i S:0 . 4 — 2. 0«*%tc 
KffiLfca*l4, *%BfltJ:DS i Kftifijco^JiS^WffiiJ 

•c# 6$!* s i msui 2 . 0 nm%v.TtTCDmmTfo 



(4) 



m&2 o o i 

6 



2 7 9412 



si wgtf o . 4 § fc mm^co & to 

[00 2 1 ] #||Bj3fc:J: 9ffi3fejgMKt3g|K3&Bft'?» 

siwEflrasfflMKiHtat^A^jas-fr*. &b™*(4 

s i tfjfiftLKv^fcft. itLfci "9 s i IWBftc^jjta 

^mm^mm s i BMBBi<o»js*fliW'^ft t-nj-* 
aswrat^iss o. 9£Lbfiarrfto. o. 

jBKSBKUbft 1 1 ■ 2 i m± h hwmnxmm^ixhm. 

ft, ft^iWffi^ffi^LTLifc^ fot, IHfcWO 

awgssufciio. 9-i. 2 0ymat&mt&&m&i> 

4. 

C 0 0 2 2 ] JJcfc, »7E#fctSVvci±, 
J±co*tf* 1 o g ( PH2O/PH2 ) £FT& ( 1 ) 
^BmMTX'M7C$:ft0'£ : mtf s foZ>« MjiMXn. H 2 
Sr 1 — 7 0«*%OffiHT-#-tfN2^&MV^. 4 
fc, *#JEEfc*3R#JEE (PH 2 0/PH 2 ) {i^PF^^TRm 
St* #A-T§ i fc iiZ J; 0 fW#H-£ . 

[00 23] 1 og (PH2O/PH2) Sr-0. 8iilT 
fcLfcSiiis -0. 8£jB*.£fciMl?irC£j£Lfc*fc 
WiWfcflBtaBcT&sSrV^iftT**. 1 og (P 

H2O/PH2) SrO. 5 C S i — 3ULb.b LtzM&li, 
0 . 5 C S i - 3*}WT-(i S i tf>i«lfflMbWB; 0 . ffl 

u s i oi*rtan^«mtr*38EHafc-r*ifis?** 
;it, s i^mrnitbummmzimLtzm 
mtf-s&commttmxs i tgosi/tiMisfttWifi-*-* 

#*s i o^fr^SSBSBEJ: Dtt4**fc:aN»>*£\ HP 

us i oaMEWfivv^tjBis. ^ob#s i \mam 

[ 0 0 2 4 ] ft o ^i§tf)«A 1 OTRBSr 0 . 0 5«*% 



ft-? * F e - A 1 - Z n^A >J TJl^ffM^^ 

< . ^^mmm^^^x^'it^m^v^z^xh 



10 



[00 2 5 ] £jfc, ft-? S^^SfclMg 
^fcrfc^T, MgftTRB&O. 0 5fi%tL^ 

4S6»fcBft6*i.4«:ftTft*. _LK£ lfi%t Lfc 

[0026] ifc, set:. *»K-fffl§tl§ftol?8 
tf»fcliSMtm*7C*i: LT«SJnS*l4N i s Sb, P 

b , f e ^^^-cv -»t «, , ^wmmmzmzmmte 
[0027] ^ft»yiaie«4 6 0—5 5 ot^im 



£< < , 5 5 0°C£S;t& fc^Mt«SM§§\ flfi&lf- 

20 ^B#ratoviT(4#t^ft^iw, ^^ajgk^s^ 

^xTi^ 0, 1S1 0-4 0#oigffl^|g^i*± 

A 1 . «Att<0tft£j&»6« 1 0 g/m>ja_h3&«j?4 L < , 
JO!'l4ftfL£/^{4 1 5 0 8/m«OTTft4i k ^'S 
SU\ Tft&ftS i-£WiPBftffilH«i: LTii, SftSi 
^®ii«ft^ L J: 0 , * fc, il^co^ffi^* 

[0028] 

[0029] ( n&ftpij 1 ) is 1 t^fftiiew^ji^^ 
in^isft-o s 5>r >-fttfr^WF^T^^fli\ *2 iz 

SMiUiO . 9 5^!MffiU Stc^{4*H$- 1 0fll% 

1 og (PH2O/PH2) tf-i — 3fc*4J:dfc:il 
ttUfc. 
[0030] 
40 [^1] 



aE# 




(msss%) 


film 


C 


Si 


Mn 


P 


s 


AI 


Ti 


Nb 


HtSA 




0. 0018 


0. 02 


0. 04 


0. 016 


0. 008 


0. 038 


0. 003 


0. 004 








0. 072 


0.4 


0. 82 


0. 01 


0. 006 


0. 071 


0. 062 










0. 005 


0.S5 


0. 74 


0.012 


0. 019 


0. 075 


0. 058 


0.016 




mo 




0. 02 


1.62 


1.81 


0. 005 


0. 003 


0. 048 


0. 034 










0. 064 


1.83 


2. 35 


0. 004 


0. 005 


0. 063 


0. 018 


0.017 




HtSF 




0. 077 


1.47 


1.69 


0. 011 


0. 002 


0. 054 


0. 002 







( 5 ) mM2 001-279412 

7 8 
[00 3 1 ] * * [312] 



* 






log (PH 2 0/PH 2 ) 


<£> o # B (mas sit) 


IE 3 




T S 


m * 


Al 


Mg 


Fe 


1 




0. 95 


-1 — 3 


0. 25 


0.5 


10 


Qfi rn 


ft ft 


^ftft 




2 


mm a 


0.95 


-1 —3 


0. 25 


— 


10 


Oju m 


ft ft 






3 




0. 95 


-1 — 3 


0. 25 


0.5 


10 


Oil m 


ft ft 


ft ft 




4 




0.95 


-1 —3 


0. 25 


— 


10 


0 u m 


ft ft 


ft ft 




5 




0.95 


-1 — 3 


0. 25 


0.5 


10 


1 fi rn 


ft ft 


ft ft 




e 




0. 95 


-1 — 3 


0. 25 


_ 


10 


1 U rn 


ft ft 


ft ft 




7 




0. 95 


-1 — 3 


0. 25 


0. 5 


10 


Oti m 


ft ft 


ft ft 




8 




0.95 


-1 — 3 


0. 25 


_ 


10 


OjU rn 


£ ft 


ft ft 




9 




0.95 


-1 —3 


0. 25 


0.5 


10 


1 u m 


£ ft 


ft ft 




10 




0.95 


-1 —3 


0. 25 


_ 


10 


1 U rn 


£ ft 


ft ft 




11 


««□ 


0. 95 


-1 —3 


0. 25 


0.5 


10 


OjU m 


ft ft 


ft ft 




12 




0.95 


-1 — 3 


0. 25 


_ 


10 


OjU rn 


£ ft 


ft ft 




13 


fltRD 


0.95 


-1 ~ 3 


0. 25 


0.5 


10 


1 U m 


£ ft 


ft ft 




14 




0. 95 


-1 — 3 


0. 25 


_ 


10 


1 U m 


ft ft 


ft ft 


*JBM!I 


15 




0.95 


-1 —3 


0. 25 


0.5 


10 


3 u m 


£ ft 


ft ft 




16 




0. 95 


-1 — 3 


0. 25 


_ 


10 


3 fi m 


ft ft 


ft ft 




17 


»«D 


0.95 


-1 —3 


0. 25 


0.5 


10 


5 jU m 




ft ft 




18 




0.95 


-1 — 3 


0. 25 


_ 


10 


5 fl rn 


=Fftft 


ft ft 


Jttm 


19 


«teE 


0.95 


-1 —3 


0. 25 


0.5 


10 


OjU rn 


ft ft 


ft ft 




20 




0.95 


-1 — 3 


0. 25 


_ 


10 


0^ m 


ft ft 


ft ft 


*5BM!I 


21 


fltJiE 


0.95 


-1 —3 


0. 25 


0.5 


10 


1 U m 


ft ft 


ft ft 




22 


««E 


0.95 


-1 —3 


0. 25 


_ 


10 


1 U m 


ft ft 


ft ft 




23 


iStJRE 


0.95 


-1 —3 


0. 25 


0.5 


10 


3tf rn 


£ ft 


ft ft 




24 


ffltfiE 


0.95 


-1 —3 


0. 25 




10 


3 U m 


ft ft 


ft ft 




25 




0.95 


-1 —3 


0. 25 


0.5 


10 


5 U rn 


*ftft 


ft ft 




26 




0. 95 


-1 —3 


0. 25 




10 


5 u m 


^ftft 


ft ft 




27 




0.95 


[ -1 — 3 


0. 25 


0.5 


10 


0/Li m 


rn ft 


ft ft 




28 


«ltJE F 


0. 95 


-1 —3 


0. 25 




10 


Oti m 


ft ft 


ft ft 




29 


ffltilF 


0.95 


-1 — 3 


0. 25 


0.5 


10 


1/Um 


ft ft 


ft ft 




30 




0.95 


-1—3 


0. 25 




10 


1 u rn 


ft ft 


ft ft 




31 


fflteF 


0.95 


-1 — 3 


0. 25 


0.5 


10 


3 U m 


ft ft 


ft ft 




32 


itRF 


0.95 


-1 — 3 


0. 25 




10 


3 rn 


ft ft 


ft ft 




33 


«*RF 


0.95 




0. 25 


0.5 


10 


5jU m 




ft ft 




34 




0.95 


-1—3 


0. 25 




10 


5 iu rn 


^ftft 


ft ft 





[00 32] & 14, ft -5 & *£iS4 6 0 °C, 

A 1 tifftth. tfci&A 1 at^Mg^-^^Sigaffi 30 
«*> o § *S"?ft o # t » S3R#X V >f tf y^fc 
&ff**£6 0g/m*£»fflEL;fc. ^^f*- 4 6 0 — 

[00 33] ^-o^mmmi. y^zm^t, 

-etfa««rtl3&*3mmjHi:*ofc«^*^-&«fc Lfc. if 

j i s z 2201 fcspttflv\ 

s^^2tc^-r„ 

[0034]*tl, 2 «D3^A(7) S i -4^rftfift*:«« 40 



SI 8, 2 5. 2 6, 3 3&V3 4li|*F^<fkJHtf)J53j&* 

[0035] ( nsfi^j 2 ) a 1 fc*^-«Ktr * i»Bfe«» 

BtffiSSfto S 7>f y^mr^flf^TMiESrtT^. ^3 tc 

Smibiil • 0 5fcWHTU iiTC^ii**^ l 0«*% 

1 og (PH2O/PH2) . 2t*4J:atdHtt 

[0036] 
[^3] 



(6) f§HH2 0 0 1 -2 7 9 4 1 2 

9 10 



1& 


fits 




jcffi* 


too ^SCmassSO 


"J Is*. 


too ^ 


T S 


11 # 






fth~ /fx. .^C pXI* J-U 


log CPH-0/PHc) 


Al 


Fe 










1 


fltS A 


1 05 


-1 2 


0 25 


8 




# ^& 






2 




1 05 


-1 2 


0 2b 


1 0 




^ ^& 






3 


fltS A 


1 05 


-1 2 


0 25 


12 










4 


fltS B 


1 05 


-1 2 


0. 25 












5 


fltS B 


1 05 


-1 2 


0. 25 


7 




o" 4& 


"a 






b 


1 05 


-1 2 


0 2b 


1 0 




^ 4& 


□ 


T^JD TTJ ErJ 


7 


fltSB 


1 05 


-1 1 


0 25 


15 




B - ft 


a 




g 


fltS B 


1 05 


-1 2 


0. 25 


17 






n 4& 




9 


fltS B 


1 05 


-1 2 


0 03 


15 


aft 




■a 4& 




10 


iltS B 


1 05 


-1 2 


0 1 


1 0 


aft 






•^t* 1 JL Kt] PJ 


11 


fltS B 


1 05 


-1 1 


D 5 


8 






^ 




12 


fltlB 


1 05 


-1 2 


0. 6 


5 










13 


fits C 


1 05 


-1 2 


0 25 


g 










14 


fits c 


1 05 


-1 2 


0. 25 


7 










15 


fits c 


1 05 


-1 2 


0 25 


10 


aft 






^t-jC 1 Jj U J 


16 


fltsc 


1 05 


-1 2 


0. 2b 


1 5 








■T^ .~ "/I PJ 


17 


fltsc 


1 05 


-1 2 


0 25 


1 7 


= 4& 








1S 


fits c 


1 05 


-1 2 


0. 03 


15 










19 


fltS C 


1 05 


-1 2 


0. 1 


10 






"a 4& 


*^t^ rrc 1 jj t? j 


20 


fits c 


1 05 


-1 2 


0 b 


jj 




^ 4& 


□ & 


'T*' Jti In ErJ 


21 


fits c 


1 05 


-1 2 


0 6 








a t# 




22 


fltS D 


1 05 


-1 2 


0. 25 






"n T M 


n tP 




23 


fltS D 


1 05 


-1 2 


0. 25 


7 




ra" 3 f& 


■a 




24 


fltS D 


1 05 


-1 2 


0 2b 


1 0 




^ ft 




Jti "VI Er J 


25 


fltSD 


1 05 


-1 2 


0 25 


1 5 


aft 


«■ 


a t# 


?C *v»J P J 


26 


fltS D 


1 05 


-1 2 


0. 25 


17 


n fB" 




n ^ 




27 


fltSD 


1 05 


-1 2 


0 03 


15 


□ 4& 




a =t& 




28 


fltSD 


1 05 


1 2 


0. 1 


10 






n 1f 


JT? *7l 1/ J 


29 


fltS D 


1 05 


-1 2 


0 5 


8 


S"^ 


# ^ 


■n ^ 


•t^ ?c n v j 


30 


fltSD 


1, 05 


-1 2 


0. 6 


5 




^ ft 






31 


fltS E 


1 05 


-1 2 


0 25 






^ 3fS 


^ 




32 


fltS E 


1 05 


-1 2 


0. 25 


7 


aft 


h" }& 




'i 7& VI IV J 


33 


fltS E 


1 05 


-1 2 


0. 25 


10 






a' 1§ 




34 


fltS E 


1 05 


-1 2 


0 2b 


1 5 








i^BHfill 


35 


fltS E 


1 05 


-1 2 


0 25 


1 7 






t& 




36 


fltS E 


1 05 


-1 2 


Q. 03 


15 








tb^i?J 


37 


fltS E 


1 05 


-1 2 


0. 1 


10 




# 4& 


a" 1ft 




3B 


fltS E 


1 05 


-1 2 


0. 5 


8 




^ 4& 


□ 


^.^B^glJ 


39 


fltSE 


1 05 


-1 2 


0 6 


5 




ft 




bbfe^ij 


40 


fltSF 


1 05 


-1.2 


0. 25 


6 








bb^flj 


41 


fltSF 


1 05 


-1.2 


0. 25 


7 


lirte 


«- ft 






42 


fltSF 


1 05 
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PROBLEM TO BE SOLVED: To provide a high Si-containing high 
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strength galvanized steel sheet having good a coating property and an 
excellent corrosion resistance without requiring new equipments, and its 
manufacturing method. 

SOLUTION: A Zn-Al-Fe alloy plating or a Zn-Al-Mg-Fe alloy plating is 
formed on the surface of a steel sheet containing 0.4-2.0 wt.% Si which is 
the oxidized state (Si02) in the inner sheet. The inner Si02 is produced at 
the time, the steel sheet is oxidized under atmosphere having 0.9-1.2 fuel/air 
ratio in the oxidizing zone, and successively is reduced in the reducing zone, 
under an atmosphere controlled where the Si content (mass %) (CSi), a 
water partial pressure (PH20) and a hydrogen partial pressure (PH2) satisfy 
the following inequality. -0.8>log(PH2O/PH2)&le- ;0.5CSi-3. 
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